Synthesis, conformational stability, and asymmetric transformation of atropisomeric 1,8-bisphenolnaphthalenes.
Highly congested, axially chiral 1,8-bisphenolnaphthalenes have been synthesized in 75% overall yield by palladium-catalyzed Suzuki coupling of 1,8-diiodonaphthalene and 4-methoxy-2-methylphenylboronic acid followed by regioselective formylation and deprotection. The C(2)-symmetric anti-stereoisomers of 1,8-bis(2'-methyl-4'-hydroxy-5'-formylphenyl)naphthalene, 5, and its diimine analogues 9 and 10 were found to be significantly more stable than the corresponding syn-isomer. Crystallographic analysis revealed that this stereochemical preference results from a unique intramolecular hydrogen bonding motif and concomitant minimization of steric repulsion. Triaryl 5 proved stable to rotation about the chiral axes at room temperature and the enantiomers were isolated via formation of diastereomeric diimines with (R)-2-amino-1-propanol and (R)-2-amino-3-methyl-1-butanol, respectively, chromatographic separation, and mild hydrolysis. Slow syn/anti-interconversion of 5, 9, and 10 was observed at enhanced temperatures and the diastereomerization and enantiomerization processes were monitored by CD and NMR spectroscopy. The Gibbs activation energy, ΔG(‡), for the isomerization of 5 was determined as 103.7 (102.4) kJ/mol for the conversion of the anti-(syn-) to the syn-(anti-)isomer at 45.0 °C. Condensation of 5 with two chiral amino alcohols generates diimines that undergo quantitative asymmetric transformation of the first kind toward the thermodynamically favored (P,P,R,R)- or (M,M,S,S)-atropisomer, respectively. The incorporation of two imino alcohol units controls the outcome of this unidirectional atropisomerization, i.e. the central chirality of the amino alcohol used induces a rigid, axially chiral triaryl scaffold with perfect stereocontrol. Accordingly, the rotational energy barrier for the conversion of (M,M,S,S)-9 to its syn-isomer is significantly increased and was determined as 115.7 kJ/mol at 58.0 °C.